Searching PAJ 



BEST AVAILABLE COPY 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1)Publication number : 2001-234798 
(43)Date of publication of application : 31.08.2001 



(51)lnt.CI. 



F02D 41/36 
F02D 41/04 
F02D 41/14 
F02D 41/18 
F02D 41/34 
F02D 45/00 



(21) Application number : 2000-050536 

(22) Date of filing : 22.02.2000 



(71) Applicant : HITACHI LTD 

(72) lnventor : AONO TOSHIHIRO 

KOWATARI TAKEHIKO 



(54) AIR-FUEL RATIO CONTROL DEVICE OF INTERNAL COMBUSTION ENGINE AND 
METHOD FOR ESTIMATING INTAKE AIR QUANTITY OF EACH OF CYLINDERS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To precisely find intake 
air quantity of each of cylinders even when a driving 
state of an internal combustion engine is variously 
changed without forming a map of intake air 
efficiency for each of the cylinders for each of 
engines. 

SOLUTION: An air-fuel ratio is controlled by 
measuring density of gas in a manifold, measuring 
quantity of air passing through a throttle, measuring 
an angle of a crank of the internal combustion engine, 
discriminating a cylinder in an air intake stroke in 
accordance with the crank angle, calling a computing 
means to correspond to the cylinder in the air intake 
stroke, assuming air intake efficiency by the 
computing means, computing the air quantity flowing into the cylinder in accordance with 
the air intake efficiency and the above sensor data and calculating fuel injection quantity to 
the cylinder in accordance with the air quantity. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the air- fuel ratio control system of the internal combustion engine which controls the 
ratio of the fuel injected by the amount and gas column of the air which is equipped with the Taki 
cylinder and inhaled by each gas column Have the injector which injects the fuel which it had for 
every gas column, and the gas column which exists like an inhalation-of-air line based on a crank 
angle is identified. The count program corresponding to the gas column which exists like an 
inhalation-of-air line out of the count program which it had for every gas column is called. The air- 
fuel ratio control system of the internal combustion engine characterized by having the fuel-injection 
processing unit which calculates the fuel oil consumption to the injector of each gas column 
corresponding to the inspired air volume for every gas column which presumed inhalation-of-air 
dispersion for every gas column, and specified and this presumed the inspired air volume for every 
gas column. 

[Claim 2] In the air- fuel ratio control system of the internal combustion engine which controls the 
ratio of the fuel injected by the amount and gas column of the air which is equipped with the Taki 
cylinder and inhaled by each gas column The inflow air content measuring instrument which 
measures the air content which passes a throttle, and the air density measuring instrument which 
measures the consistency of the air in an internal combustion engine's suction manifold, The crank 
angle sensor which measures an internal combustion engine's crank angle, and the injector which 
injects the fuel which it had for every gas column, Identify the gas column which exists like an 
inhalation-of-air line based on a crank angle, and the count program corresponding to the gas column 
which exists like an inhalation-of-air line out of the count program which it had for every gas 
column is called. Based on the consistency and crank angle of air in the air content which passes a 
throttle, and a suction manifold, presume the inhalation-of-air property for every gas column, and 
estimate is calculated. And the air- fuel ratio control system of the internal combustion engine 
characterized by having the fuel-injection processing unit which calculates the fuel oil consumption 
to the injector of each gas column corresponding to this estimate. 

[Claim 3] It is the air-fuel ratio control system of the internal combustion engine characterized by 
said inhalation-of-air property being the inspired air volume or inhalation-of-air effectiveness for 
every gas column in claim 2. 

[Claim 4] The air-fuel ratio control system characterized by calculating the rate of the loss at the 
time of air being incorporated by each gas column in the fuel-injection control unit of claim 2 based 
on the air content which passes a throttle, the consistency of the air in a suction manifold, and the 
rate of a crank angle for every gas column, calculating the air content incorporated by this gas 
column from the rate of this loss, the consistency of the air in a manifold, and the rate of a crank 
angle, and calculating the fuel oil consumption to this gas column. 

[Claim 5] The air content which passes a throttle in the fuel-injection control unit of claim 2, and the 
consistency of the air in a suction manifold, The rate of the loss at the time of air being incorporated 
by each gas column based on the rate of a crank angle is calculated for every gas column. The 
correction factor which expresses dispersion for every gas column with breaking by common 
inhalation-of-air effectiveness which prepared the rate of this loss in common with all gas columns is 
calculated. The air- fuel ratio control system which graduated the correction factor and was 
characterized by calculating the rate of the loss which amended the graduated correction factor about 
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each gas column by hanging on common inhalation-of-air effectiveness by taking a weighted 
average with the last correction factor of this gas column. 

[Claim 6] The air content used in claim 2 since it was filled up with a manifold from change of the 
consistency of the gas of a manifold is calculated. The theoretical inflow air content to the gas 
column at the time of setting loss of gaseous flow to 0 from the consistency of the gas in a manifold 
and a crank angle rate is calculated. The air-fuel ratio control system of the internal combustion 
engine characterized by subtracting the air content used since it was filled up with a manifold from 
the air content which passed the throttle, calculating inhalation-of-air effectiveness by breaking the 
result by the theoretical inflow air content, taking the last inhalation-of-air effectiveness and a 
weighted average, and graduating inhalation-of-air effectiveness. 

[Claim 7] The air content used in claim 3 since it was filled up with a manifold from change of the 
consistency of the gas of a manifold is calculated. The theoretical inflow air content to the gas 
column at the time of setting loss of gaseous flow to 0 from the consistency of the gas in a manifold 
and a crank angle rate is calculated. The air content used since it was filled up with a manifold from 
the air content which passed the throttle is subtracted. By multiplying common inhalation-of-air 
effectiveness by the correction factor which graduated the correction factor and was graduated by 
calculating a correction factor by breaking the result by the product of common inhalation-of-air 
effectiveness common to a theoretical inflow air content and each gas column, and taking the last 
correction factor and a weighted average The air-fuel ratio control system characterized by 
calculating the inhalation-of-air effectiveness amended about each gas column. 
[Claim 8] It is the air- fuel ratio control system of the internal combustion engine characterized by 
said fuel-injection processing unit calculating fuel oil consumption in claim 2 using this fuel-oil- 
consumption map including a fiiel-oil-consumption map. 

[Claim 9] It is the air- fuel ratio control system of the internal combustion engine characterized by 
constituting from a pressure sensor with which said inflow air density measuring instrument was 
arranged in the manifold in claim 2, and a temperature sensor. 

[Claim 10] It is the air- fuel ratio control system of the internal combustion engine characterized by 
consisting of opening sensors which measure the opening of the pressure sensor and temperature 
sensor with which said inflow air density measuring instrument was arranged in the manifold in 
claim 2, and a throttle. 

[Claim 1 1] It is the air- fuel ratio control system of the internal combustion engine characterized by 
constituting said inflow air density measuring instrument from a heat ray type air meter in claim 2. 
[Claim 12] The throttle passage air content Mth is measured in the inflow inspired-air- volume 
presumption approach for every gas column of the internal combustion engine having the Taki 
cylinder. Augend **Pm of the consistency Pm of the gas in a manifold and a consistency is 
calculated. Augend **Mm of the gas in a manifold is calculated by applying the volume Md of a 
manifold (volume of the field divided by the throttle and the inlet valve) to this augend **Pm. 
Calculate a crank angle rate by measuring a crank angle and differentiating this, and the inhalation- 
of-air effectiveness q is calculated by q= (Mth-**Mm) / Md by the following formula. The inflow 
inspired-air- volume presumption approach for every gas column characterized by calculating 
Mc=Pmx(omega/4pi) xVcxq=Mdxq (1/C being the volume of a gas column here), and calculating 
the inspired air volume to each gas column by the following formula. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] It is related with the Air Fuel Ratio Control technique which controls the 
ratio of the fuel injected by the amount and gas column of the air inhaled by the gas column for 
reduction of improvement in an internal combustion engine's fuel consumption, or the harmful 
matter in exhaust gas. It is related with the technique which especially cancels dispersion in the air- 
fuel ratio according to gas column by this invention. 
[0002] 

[Description of the Prior Art] Although fuel oil consumption is calculated and controlled, or there is 
the approach of controlling fiiel oil consumption so that the air content inhaled by the gas column 
may be measured, an air-fuel ratio may be measured from exhaust air based on this and this may be 
maintained at desired value in order to control an internal combustion engine's air- fuel ratio Until 
now as the metering device of an air content inhaled by an internal combustion engine's gas column, 
or a metering device of an air- fuel ratio The thing using the pressure sensor attached in the manifold 
represented by JP, 7-42600, A, The air- fuel ratio sensor was attached in exhaust air system piping 
represented by the thing using the heat ray type air meter attached in inhalation-of-air system piping 
represented by JP,9- 166464, A, and JP,7-133738,A, and there were some which are fed back so that 
the air- fuel ratio of exhaust air may be maintained at desired value. 

[0003] Generally, the air content Mc incorporated by the gas column is proportional to the pressure 
Pm of a manifold, and the rotational frequency N of a crank, and it is known widely that it can 
approximate by Mc=Pm*N*eta* Vc/R*Tm. However, they are the volume Vc of a gas column, a gas 
constant R, and the temperature Tm of the gas in a manifold. Although eta is called inhalation-of-air 
effectiveness (called a charging efficiency, volumetric efficiency, etc. depending on reference) and 
the loss of an inflow in a gas column arises by the timing of closing motion of the configuration of 
the inlet port of a manifold and a gas column, or the inlet valve of a gas column inlet port, it is the 
value what% of air is incorporated by the gas column, as a result of the loss. Since it changes with 
the pressure Pm of a manifold, and the rotational frequencies N of a crank a little, eta is expressed as 
a map of Pm or N. 

[0004] In JP,7-42600,A, the approach of the so-called speed density is adopted. By this approach, the 
map of the inhalation-of-air effectiveness as a function of an engine rotational speed and the pressure 
of a suction manifold was prepared in advance, at the time of operation, an engine rotational speed 
and the pressure of a manifold were measured and inspired air volume was calculated based on the 
inhalation-of-air effectiveness which searches a map and is acquired from an engine rotational speed 
and the pressure of a manifold, the engine speed observed, and the inhalation-of-air manifold- 
pressure force. Even if operational status changes by searching with this method from a map the 
inhalation-of-air effectiveness which changes with an internal combustion engine's operational 
status, it enables it to calculate the inhalation air content to a right gas column. 
[0005] In JP,9- 166464, A, the inflow air content to a gas column is measured with the heat ray type 
air meter. This method arranges a heat ray type air meter to the inhalation-of-air inflow path of the 
gas column upstream, and measures the air content to which air passes through the cross section 
where the heat ray type air meter was arranged. By this method, since the absolute magnitude of 
passage air is calculated directly, there is a merit that the map of inhalation-of-air effectiveness is not 
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needed. 

[0006] An air content is not measured, but an air- fuel ratio is measured, and fuel oil consumption is 
controlled by JP,7-133738,A to maintain this at desired value. By this method, one broader-based 
air- fuel ratio sensor will be arranged in the exhaust air system set section, the rotation of an exhaust 
air gas column and delay after being exhausted from a gas column until it affects an air- fuel ratio 
sensor will be modeled, and the air-fuel ratio for every gas column will be presumed by the observer. 
By this method, the air- fuel ratio according to gas column which was not taken into consideration is 
measured in two well-known examples of point **. 

[0007] Moreover, JP,9-22884,A, No. 126006 [ nine to ], and No. 6460 [ 1 1 to ] are just going to 

make reference about an inhalation air content. 

[0008] 

[Problem(s) to be Solved by the Invention] It is said that the air content included in an internal 
combustion engine's gas column varies about 5% to about 10% for every gas column. For this 
reason, in having injected the fuel of the same amount as all gas columns, air- fuel ratios differ for 
every gas column, in the gas column injected from the target air-fiiel ratio in the fuel, there is a 
problem that harmful matter, such as a hydrocarbon in exhaust gas, increases in number, and there is 
a problem that the rate of nitrogen oxide increases or nonuniformity produces a fuel to torque in the 
gas column injected fewer than a target air-fuel ratio. [ many ] 

[0009] The average of the inhalation-of-air effectiveness at the time of air flowing into all gas 
columns from a manifold is held as a map of inhalation-of-air effectiveness, and if the pressure of a 
manifold is fixed and it is in the approach which injected the fuel of the same amount as all gas 
columns, dispersion will arise in the air-fuel ratio for every gas column. 

[0010] Although the air content which flows into a suction manifold is calculated correctly, if it is in 
the approach which is not taken into consideration about the rate that the air which flowed into the 
manifold is distributed to each gas column, since it thinks as that to which air is distributed at same 
rate as all gas columns, dispersion for every gas column of an air-fuel ratio arises. 
[001 1] The air-fuel ratio of air which burned and reached the exhaust pipe through the exhaust air 
process will be measured, and control of the combustion injection quantity will be overdue by 
internal combustion engine 2 rotation by the approach to which observe and begin for the rate of a 
fuel to have fallen by the air-fuel ratio sensor of an exhaust pipe, and the rate of a fuel is made to 
increase in order to keep this constant. 

[0012] In this invention, before burning, the air content inhaled by each gas column is presumed, a 
fuel is injected corresponding to dispersion in distribution of the air of every gas column, and it aims 
at controlling dispersion in the air- fuel ratio for every gas column, and realizing highly precise Air 
Fuel Ratio Control with sufficient responsibility. 
[0013] 

[Means for Solving the Problem] This invention is equipped with the injector which injects the fuel 
which it had for every gas column, identifies the gas column which exists like an inhalation-of-air 
line based on a crank angle, calls the count program corresponding to the gas column which exists 
like an inhalation-of-air line out of the count program which it had for every gas column, and was 
equipped with the fuel-injection processing unit which calculates the fuel oil consumption to the 
injector of each gas column corresponding to the inspired air volume for every gas column which 
presumed and this presumed inhalation-of-air dispersion for every gas column. 
[0014] This invention specifically offers the equipment hung up over a degree. 
[0015] In the air- fuel ratio control system of the internal combustion engine which controls the ratio 
of the fuel injected by the amount and gas column of the air which this invention is equipped with 
the Taki cylinder and inhaled by each gas column The inflow air content measuring instrument 
which measures the air content which passes a throttle, and the inflow air density measuring 
instrument which measures the consistency of the air in an internal combustion engine's suction 
manifold, The crank angle sensor which measures an internal combustion engine's crank angle, and 
the injector which injects the fuel which it had for every gas column, Identify the gas column which 
exists like an inhalation-of-air line based on a crank angle, and the count program corresponding to 
the gas column which exists like an inhalation-of-air line out of the count program which it had for 
every gas column is called. Based on the consistency and crank angle of air in the air content which 
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passes a throttle, and a suction manifold, presume the inhalation-of-air property for every gas 
column, and estimate is calculated. And the air-fiiel ratio control system of the internal combustion 
engine having the fuel-injection processing unit which calculates the fuel oil consumption to the 
injector of each gas column corresponding to this estimate is offered. 

[0016] Said inhalation-of-air property is the inspired air volume or inhalation-of-air effectiveness for 
every gas column. 

[0017] In the inflow inspired-air- volume presumption approach for every gas column of an internal 
combustion engine that this invention was equipped with the Taki cylinder Measure the throttle 
passage air content Mth and augend **Pm of the consistency Pm of the gas in a manifold and a 
consistency is calculated. Augend **Mm of the gas in a manifold is calculated by applying the 
volume Md of a manifold (volume of the field divided by the throttle and the inlet valve) to this 
augend **Pm. Calculate a crank angle rate by measuring a crank angle and differentiating this, and 
the inhalation-of-air effectiveness q is calculated by q= (Mth-**Mm) / Md by the following formula. 
The inflow inspired-air- volume presumption approach for every gas column of calculating Mc=Pmx 
(omega/4pi) xVcxq=Mdxq (1/C being the volume of a gas column here), and calculating the inspired 
air volume to each gas column by the following formula is offered. 

[0018] The approach of equalizing inspired-air- volume dispersion for every gas column, and 
controlling dispersion in the air- fuel ratio for every gas column by inflow inspired-air- volume 
presumption for every gas column is offered. 
[0019] 

[Embodiment of the Invention] Air Fuel Ratio Control» based on inhalation-of-air effectiveness 
presumption classified by gestalt 1 :gas column of «invention implementation The configuration of 
this invention is explained using drawing 1 . 

[0020] The air incorporated from an internal combustion engine's outside passes a throttle, and is 
incorporated by the manifold 9. By adjusting the amount of the air passed according to the aperture 
condition of a throttle, the torque generated from an internal combustion engine can be adjusted. 
[0021] The air which passed the throttle fills a manifold 9, passes the tee of a manifold 9, and is 
incorporated in a gas column 5. An inlet valve 7 is between the tee of a manifold 9, and a gas column 
5, this is interlocked with whenever [ crank angle ] and operates, when there is this gas column 5 like 
an inhalation-of-air line, it opens, and the air of a manifold 9 is incorporated by this gas column 5. 
[0022] In this way, in order to measure the amount Mc of the air incorporated by the gas column 5, 
the throttle passage air content measuring instrument 2, the consistency measuring instrument 1 
which measures the consistency of the air in a manifold in the set section of a manifold 9, and the 
crank angle sensor 3 are attached. 

[0023] The gas column distinction means 6 with which the fuel-injection processing unit 100 was 
equipped distinguishes the gas column which exists like an inhalation-of-air line based on crank 
angle theta. The thing corresponding to the gas column distinguished when count means 601-601 
(however, I the number of gas columns) to have calculated the air content Mc which flowed into the 
gas column 5 (the i-th cylinder), and to calculate the fuel oil consumption Fi to this gas column 5 
based on this air content Mc were prepared for every gas column and it was like the inhalation-of-air 
line with the gas column distinction means 6 is called. 

[0024] In called count means 60i, the inhalation air content Mc from the crank rotational speed 
omega which presumes inhalation-of-air effectiveness etai (number of the gas column which takes 
the value of il-I) of this gas column 5, differentiates the output of presumed inhalation-of-air 
effectiveness etai, consistency rhom of the manifold measured by the consistency measuring 
instrument 1, and the crank angle sensor 3, and is obtained to a gas column 5 is calculated. 
[0025] The amount Md of the air which will flow into a gas column 5 if the ideal case where there is 
no loss of flow is considered in case air is inhaled by the gas column 5 from a manifold 9 sets the 
volume of a gas column 5 to Vc, and is [0026]. 
[Equation 1] 

Md= P mX ( u> / 4 * ) xYc 

[0027] The amount Mc of the air which actually flows into a gas column 5 using the rate (this is 
inhalation-of-air effectiveness etai) which flows into a gas column as a result of a loss since the loss 
of flow occurs in fact by the configuration of a manifold tee or a gas column inlet port and the timing 
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of closing motion of an inlet valve 7 although come out and given is [0028]. 
[Equation 2] 

Nc=/jbX U/4 jt ) XVcX 7) i = MdX rj i 

[0029] It is come out and calculated. Since inhalation-of-air effectiveness has dispersion for every 
gas column, precise control of an air-fuel ratio is attained by being calculated for every gas column. 
[Count of inhalation-of-air effectiveness] explains later an example of the approach of count of 
inhalation-of-air effectiveness. 

[0030] In this way, when the inhalation air content Mc to this gas column 5 is calculated, it is the 
fuel oil consumption Fi from this and the target air-fuel ratio lambda to this gas column [0031] 

{Equation 3] 
i^lic/ A * 

<BR> [0032] It calculates more. The injection quantity Fi calculated when becoming the timing 
which should judge the fuel-injection timing of this gas column 5, and should be injected from crank 
angle theta is injected from an injector 4. 

[0033] Drawing 2 summarized this operations sequence as a step Fig. First, the air content Mth 
which passes a throttle is measured (step 201), consistency rhom of the gas in a manifold is 
measured (step 202), and crank angle theta is measured (step 203). Based on this crank angle theta, it 
is distinguished whether 5 [ cylinder / i-th ] is an inhalation-of-air line (step 204). If 5 [ cylinder / i- 
th ] is an inhalation-of-air line, i-th count means 60i will be called (step 205), and cylinder [ i-th ] 
inhalation-of-air effectiveness etai of 5 will be calculated based on the crank angle rate omega which 
differentiates the i-th cylinder inhalation-of-air effectiveness presumption means 6H-61I, the throttle 
passage air content Mth, manifold bashful volume density rhom, and crank angle theta, and is 
obtained (step 206). This inhalation-of-air effectiveness etai, vapor density rhom in a manifold 9, and 
62i-62I (step 207) by which the i-th cylinder of the inhalation air content Mc of 5 is calculated from 
the crank angle rate omega based on several 2. 63i-63I (step 208) which will calculate the fuel oil 
consumption Fi to this gas column by several 3 based on this and the target air-fuel ratio lambda if 
the inhalation air content Mc to this gas column 5 is calculated. If crank angle theta is set to include- 
angle thetai which injects a fuel in this gas column 5 (step 209,210), the i-th injector 4 will inject the 
fuel of the calculated amount (step 211). 

[0034] Thus, by establishing the count means 601-601 for every gas column, calculating the 
inhalation air content to a gas column by being based on the inhalation-of-air effectiveness for every 
gas column being calculated, and calculating the fuel oil consumption to a gas column, it is adapted 
for dispersion in the inhalation-of-air effectiveness in a gas column, and precise control of an air-fuel 
ratio is attained. 

[0035] Since the air contents Mc which flow into a gas column 5 from a manifold 9 differ even if the 
crank rotational speed omega is the same as consistency rhom in a manifold 9, when it is charging- 
stroke initiation when inhalation-of-air effectiveness differs for every [count of inhalation-of-air 
effectiveness] gas column, the throttle passage air content Mth depending on change of consistency 
rhom of the air in a manifold 9, as a result throttle vertical Nagare's consistency difference is 
different. Then, the air content Mth which passes a throttle and 64i which computes inhalation-of-air 
effectiveness from consistency rhom of a manifold 9. When 5 [ cylinder / i-th ] is like [ inhalation- 
of-air line ] and augend deltaMm of the air flow rate Mth which passes a throttle, and the air content 
in a manifold 9 is used, the air content Mci which flows into 5 the i-th cylinder from drawing 3 is 
[0036]. 

[Equation 4] 
Mci = Mth- A Mm 

[0037] 

[Equation 5] 

A Mm= VcX a p m 

[0038] Be alike is calculated. From this and several 2, cylinder [ i-th ] inhalation-of-air effectiveness 
etai is [0039]. 
[Equation 6] 

7 i= (Mth- A Mm) /Md 
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[0040] It can come out and calculate. This denominator will be [0041] if this will be called the ideal 
inflow Md, since it is inflow when inhalation-of-air effectiveness is ideal at 1 . 
[Equation 7] 

h/ ^ g *f -^7^* r*«ffi** 

[0042] It becomes. 

[0043] By the way, it is known that the detection precision of the throttle passage air content Mth is 
not so good. Although inhalation-of-air effectiveness etai is dependent on vapor density rhom in an 
internal combustion engine's operational status, especially a manifold 9, and the crank rotational 
speed omega, since the change is loose, it is what (65i) inhalation-of-air effectiveness etai called for 
by several 6 is graduated for, and can raise the precision of inhalation-of-air effectiveness 
presumption. Graduated inhalation-of-air effectiveness etai is memorized to inhalation-of-air 
effectiveness memory 66i. 

[0044] The computational procedure of inhalation-of-air effectiveness etai is explained using 
drawing 4 . 

[0045] First, the throttle passage air content Mth is measured (step 401). Next, it asks for consistency 
rhom of the gas in a manifold 9 with the densitometry means 1, and augend deltaMm of the gas in a 
manifold 9 is calculated by applying the volume (volume of the field divided by the throttle and the 
inlet valve 7) of a manifold 9 to this augend deltarhom (step 402). 

[0046] Crank angle theta is measured, the crank angle rate omega is calculated by differentiating 
this, and the ideal inflow Md to a gas column i is calculated by the-one number from consistency 
rhom of the gas in this and a manifold 9 next (step 403). Based on several 6, inhalation-of-air 
effectiveness etai is calculated based on these count results (step 404). 

[0047] Inhalation-of-air effectiveness etai is graduated by taking the weighted average of inhalation- 
of-air effectiveness etai which read inhalation-of-air effectiveness etai when this gas column 5 suits 
like an inhalation-of-air line last time from inhalation-of-air effectiveness memory 66i (step 405), 
and asked for it last time, and this inhalation-of-air effectiveness etai (step 406). 
[0048] Thus, by asking for inhalation-of-air effectiveness etai, it is adapted for dispersion for every 
gas column, and the inhalation-of-air effectiveness for every gas column can be searched for with a 
sufficient precision. 

[0049] Using as a concrete sensor for measuring the consistency of [measurement of consistency] 

gas combining a pressure sensor and a temperature sensor is mentioned as an example. From the 

definition of a consistency, and a gaseous equation of state, it is [0050]. 

[Equation 8] 

p = n /V=P/RT 

[0051] It comes out, and since it is, a consistency rho is called for by breaking the gaseous pressure P 
by temperature T, and amending a unit with a gas constant R. If a pressure sensor 1 1 and a 
temperature sensor 12 are arranged in the set section of a manifold 9 and it calculates according to 
several 8 within the count means 60 as shown in drawing 5 in order to measure the consistency of a 
manifold 9 like this example, consistency rhom of the gas in a manifold 9 will be called for. 
[0052] An example of the configuration of the concrete sensor for calculating the air content Mth 
which passes the [measurement 1 of throttle passage air content] throttle is shown in drawing 6 . The 
air content Mth which passes a throttle is decided by throttle vertical Nagare's pressures Pa and Pm, 
temperature Ta and Tm, and the throttle opening alpha. The way of asking is [0053]. 
[Equation 9] 

[0054] It comes out and a certain thing is introduced with the book of hydrodynamics (for example, 
Kazuyasu Matsuo work "compressible-fluid dynamics", p.). 64). As for a throttle opening sensor and 
14, 13 is [ a pressure sensor and 15 ] temperature sensors here. 

[0055] Therefore, if the procedure of calculating the air content Mth which passes a throttle using the 
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sensor of a configuration as shown in drawing 6 is explained using drawing 7 The outside 
atmospheric pressure Pa is measured with the pressure sensor 14 arranged on the throttle upstream 
(step 701). Manifold-pressure Pm is measured with the pressure sensor 1 1 arranged on the throttle 
lower stream of a river (step 702). Outside air temperature Ta is measured with the temperature 
sensor 15 arranged on the throttle upstream (step 703). The manifold temperature Tm is measured 
with the temperature sensor 12 arranged on the throttle lower stream of a river (step 704). What is 
necessary is to measure the throttle opening alpha by the throttle opening sensor 13 (step 705), and 
just to calculate the SURUTTORU passage air content Mth using several 9 within the count means 
60 (step 706). 

[0056] There is an approach using a heat ray type air meter as other approaches of measuring the 
[measurement 2 of throttle passage air content] throttle passage air content Mth. Although the heat 
ray type air meter is described by JP,9- 166464, A etc., in case a gas passes through the cross section 
where the heat ray was allotted, a gaseous flow rate will be measured with the heating value taken 
from a heat ray. In the example of this invention, as shown in drawing 8 , the heat ray type air meter 
16 is arranged for the upstream of a throttle, and the throttle passage air content Mth is measured by 
reading this measurement data with the count means 60. 

[0057] By establishing such a densitometry means 1 and the throttle passage air content, 
measurement means 2, establishing the count means 601-601 for every gas column, calculating the 
inhalation air content Mc to a gas column by being based on the inhalation-of-air effectiveness for 
every gas column being calculated, and calculating the fuel oil consumption to a gas column, it is 
adapted for dispersion in the inhalation-of-air effectiveness in a gas column, and precise control of 
an air-fuel ratio is attained. 

[0058] gestalt 2: of «invention implementation — Air Fuel Ratio Control» using a dispersion 
correction factor the whole gas column — inhalation-of-air effectiveness changes with an internal 
combustion engine's operational status gently. Although the inhalation-of-air effectiveness acquired 
from current measurement data was graduated by taking the past inhalation-of-air effectiveness and a 
weighted average and improvement in precision was aimed at in [count of inhalation-of-air 
effectiveness], it is also possible that the load over a current value and the past value applies, and 
change of inhalation-of-air effectiveness cannot be followed depending on the direction. 
[0059] If it is the internal combustion engine of the same class, it will be thought that there are not so 
a difference in the configuration of the function of the inhalation-of-air effectiveness by the 
individual and a difference in the configuration of the function of the inhalation-of-air effectiveness 
in a gas column. When common inhalation-of-air effectiveness which shows the inhalation-of-air 
effectiveness of the 1st cylinder, the inhalation-of-air effectiveness of the 2nd cylinder, and the 
average inhalation-of-air effectiveness of all gas columns is graph- ized as a function of the 
consistency of the gas in a manifold, the correction factor which became, for example like drawing 9 
(a), and broke the inhalation-of-air effectiveness of each gas column by common inhalation-of-air 
effectiveness is 1 .0 like drawing 9 (b). It is thought that it becomes a neighboring gently-sloping 
function. Then, the dynamic part which changes according to an internal combustion engine's 
operational status prepares a common inhalation-of-air effectiveness map in advance. By presuming 
the part of the scale parameter which changes by every individual of every gas column and an 
internal combustion engine as a correction factor, and multiplying a common inhalation-of-air 
effectiveness map and the correction factor for every gas column The inhalation-of-air effectiveness 
presumption means which follows change of the inhalation-of-air effectiveness by change of an 
internal combustion engine's operational status, and can respond also to dispersion in every gas 
column and the inhalation-of-air effectiveness for every internal combustion engine individual is 
described. 

[0060] A configuration is shown in drawing 10 . The same number is given to the same 
configuration as drawing 1 , and explanation is not repeated. Compared with the air-fuel ratio control 
system shown in drawing 1 , the inhalation-of-air effectiveness map 21 common to all gas columns 
is newly prepared, and, moreover, the inhalation-of-air effectiveness presumption means 611-611 
corresponding to each gas column differ. 

[0061] Correction factor count means 67i inhalation-of-air effectiveness presumption means 61i of 5 
presumes the i-th cylinder of a correction factor Ci to be from the throttle passage air content Mth, 
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the consistency Mth of the air of a manifold 9, and the crank angle rate omega, Correction factor 
memory 69i which memorizes the correction factor Ci when this gas column 5 suits like an 
inhalation-of-air line last time, and memorizes the result of having taken the weighted average with 
the correction factor Ci newly called for from measurement data this time, It consists of inhalation- 
of-air effectiveness amendment means 68i which calculates amendment inhalation-of-air 
effectiveness etai which had the difference for every gas column amended from smoothing means 
65i which calculates this weighted average, and the called-for correction factor Ci and the inhalation- 
of-air effectiveness eta 0 read from the inhalation-of-air effectiveness map 21. 
[0062] Since parts other than the inhalation-of-air effectiveness presumption means 611 - 611 are 
completely the same as that of the thing of drawing 1 among the air- fuel ratio control systems of 
drawing 10 , actuation of inhalation-of-air effectiveness presumption means 61 i is explained here. 
[0063] If inhalation-of-air effectiveness etai is considered as product eta i=eta OxCi of the component 
eta 0 which is common to all gas columns and changes with an internal combustion engine's 
operational status, and the component Ci of the scale factor by dispersion for every gas column, it 
will be [0064] from several 6. 
[Equation 10] 

Ci« (Mth— & Mm) /MdX 9 i 

[0065] The component which changes with operational status is removed by breaking a next door 
and the several 6 right-hand side by the common inhalation-of-air effectiveness eta 0 read from the 
inhalation-of-air effectiveness map 21, and the correction factor Ci which takes an almost fixed 
value for every gas column is obtained. 

[0066] Inhalation-of-air effectiveness etai by which dispersion for every gas column was amended is 
obtained by reading and applying the common inhalation-of-air effectiveness eta 0 according to 
operational status from the inhalation-of-air effectiveness map 21, after graduating this. 
[0067] The presumed procedure of inhalation-of-air effectiveness etai in this inhalation-of-air 
effectiveness presumption means 61 i is explained using the step Fig. of drawing 1 1 . 
[0068] The throttle passage air content Mth is measured first (step 1 101). Next, augend deltaMm of 
the gas in a manifold 9 is calculated from consistency rhom of the gas in the manifold 9 measured 
from the densitometry means 1 (step 1102). 

[0069] From consistency rhom of the gas in the crank angle rate omega and a manifold 9, the ideal 
inflow Md to a gas column i is calculated by the-one number (step 1 1 03), and the common 
inhalation-of-air effectiveness eta 0 is read from the inhalation-of-air effectiveness map 21 next 
according to an internal combustion engine's operational status (step 1104). Based on several 10, a 
correction factor Ci is calculated based on these count results (step 1 105). 

[0070] A correction factor Ci is graduated by taking the weighted average of the correction factor Ci 
which read the correction factor Ci when this gas column suits like an inhalation-of-air line last time 
from the correction factor memory 21 (step 1 106), and asked for it last time, and this correction 
factor Ci (step 1107). 

[0071] Multiplying-by this correction factor Ci-common inhalation-of-air effectiveness eta 0 
inhalation-of-air effectiveness etai is called for (step 1 108). 

[0072] Thus, inhalation-of-air effectiveness etai is divided into the common inhalation-of-air 
effectiveness eta 0 which changes depending on an internal combustion engine's operational status, 
and the correction factor Ci depending on a gas column, and is considered, the common inhalation- 
of-air effectiveness eta 0 prepares the map in advance, by presuming at the time of operation, the 
precision of a correction factor Ci is good, moreover, change of the inhalation-of-air effectiveness by 
change of an internal combustion engine's operational status can be followed quickly, and it can ask 
it for different inhalation-of-air effectiveness for every gas column. 

[0073] gestalt 3: of «invention implementation — Air Fuel Ratio Control» which prepares a fuel- 
oil-consumption map for every gas column — although inhalation-of-air effectiveness presumed and 
the combustion injection quantity calculated based on this inhalation-of-air effectiveness in gestalt 
1» of «invention implementation, operating an internal combustion engine, the air- fuel ratio 
control system of preparing sensor data and the map of the relation of fuel oil consumption for every 
gas column, controlling the fuel oil consumption for every gas column by searching this map, and 
controlling an air-fuel ratio to a precision the whole gas column is also considered. I hear that the 
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thing of the count engine performance in which a count means to carry in an air-fuel ratio control 
system is low can also realize highly precise Air Fuel Ratio Control according to gas column, and it 
has the merit of such equipment. 

[0074] The configuration of this air- fuel ratio control system is explained using drawing 12 . In 
addition, [creation of a fuel-oil-consumption map] describes the creation approach of a map a back 
forge fire. 

[0075] Compared with the air-fuel ratio control system which shows the configuration of this 
equipment to drawing 1 , the count means 601-601 with which each gas column was equipped differ. 
These count means 601-601 consist of the fuel-oil-consumption maps 71 1-711 in which the relation 
between measurement data and the fuel oil consumption for every gas column is shown, the throttle 
passage air content Mth and manifold bashful volume density rhom, and fuel-oil-consumption count 
means 701-701 to read fuel oil consumption from the fuel-oil-consumption maps 71 1-711 based on 
the crank angle rate omega, and to send the command of the injection quantity to an injector 4. 
[0076] Such count means 601-601 are explained using drawing 13 about the operations sequence of 
the air-fuel ratio control system with which each gas column was equipped. 
[0077] First, measurement (step 1201) of an air content Mth which passes a throttle, measurement 
(step 1202) of consistency rhom of the gas in a manifold, and measurement (step 1203) of crank 
angle theta are performed. Based on this crank angle theta, it is distinguished whether 5 [ cylinder / i- 
Xh ] is an inhalation-of-air line (step 1204), and if 5 [ cylinder / i-th ] is an inhalation-of-air line, i-th 
count means 60i will be called (step 1205). 

[0078] If the i-th count means is called, based on the throttle passage air content Mth, manifold 
bashful volume density rhom, and the crank angle rate omega, fuel-oil-consumption count means 70i 
will be searching fuel -oil-consumption map 71i, and will calculate the fuel oil consumption Fi to the 
i-th cylinder (step 1206). If crank angle theta is set to include-angle thetai which injects a fuel in this 
gas column 5 (steps 1207 and 1208), the i-th injector will inject the fuel of the calculated amount Fi 
(step 1209). 

[0079] Equipment for [creation of fuel-oil-consumption map] fuel-oil-consumption maps 71 1-711 to 
create is explained using drawing 14 . 

[0080] The throttle control unit 1401 which controls the throttle passage air content Mth by 
controlling the opening of an internal combustion engine's throttle in order to create the fuel-oil- 
consumption maps 711-711, The load generator 1402 which adjusts the rotational speed omega of a 
crank by it being attached in a crank and giving a load, Fuel oil consumption is calculated based on 
the sensor data from the throttle passage air content instrumentation 2, the manifold-pressure 
instrumentation 1, and the crank angle, sensor 3, and the fuel-oil-consumption map listing device 
1403 which records the relation between these sensors data and fuel oil consumption on the fuel-oil- 
consumption maps 71 1-711 is used. 

[0081] The operations sequence of the fuel-oil-consumption map listing device 1403 is explained 
using drawing 14 . 

[0082] First, the fuel-oil-consumption map listing device 1403 sends the load which gives the 
command value of throttle opening to the throttle control means 1401 at delivery (step 1501) and a 
crank to the load generating means 1402 (step 1*502). An internal combustion engine's operational 
status is set up by this, and the various throttle flow rates Mth and manifold consistency rhom, and 
the crank angle rate omega can be realized by it. In this way, the fuel-injection map listing device 
1403 reads the throttle passage air content Mth of the internal combustion engine which had 
operational status set up (step 1503), manifold consistency rhom (step 1504), and crank angle theta 
(step 1505). The fuel-injection map listing device 1403 distinguishes which gas column there is like 
an inhalation-of-air line based on read crank angle theta (step 1506). Based on this distinction result, 
count of inhalation-of-air effectiveness etai of the gas column 5 which exists like an inhalation-of-air 
line is performed by 1403 in a fuel-injection map listing device (step 1507). The count approach of 
inhalation-of-air effectiveness etai is the same as that of the above-mentioned [count of inhalation- 
of-air effectiveness]. Following on count of inhalation-of-air effectiveness etai, count (step 1508) of 
the air content Mc which flowed into this gas column 5, and count Fi (step 1509) of the fuel injected 
in this gas column 5 are performed. This count approach is the same as that of what was stated by 
operation gestalt 1» of «invention. Based on the calculated fuel oil consumption Fi, the fuel- 
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injection map listing device 1403 injects a fuel-injection command to the injector 4 of this gas 
column 5, and delivery and an injector 4 inject a fuel (step 1510): The set of the throttle passage air 
content Mth at this time, manifold consistency rhom, the crank angle rate omega, and fuel oil 
consumption Fi is saved for every gas column 1403 in a fuel-oil-consumption map listing device 
(step 151 1). If sufficient quantity of measurement data and the set of the injection quantity are saved, 
these data will be interpolated, the map for searching fuel oil consumption from the throttle passage 
air content Mth, manifold consistency rhom, and the crank angle rate omega will be created for every 
gas column, and this map will be written in the fuel-oil-consumption maps 71 1-711 in an air-fuel 
ratio control system (step 1513). If sufficient measurement data and the set of the injection quantity 
are not saved, it will return to step 1501 and data collection will be performed further. 
[0083] Thus, count of the fuel oil consumption in operation gestalt 1» of «invention is performed 
by the fuel-oil-consumption map listing device 1403 prepared apart from the air-fuel ratio control 
system. By controlling fuel oil consumption by searching this map for that result in the case of 
writing and actual operation on the fuel-oil-consumption maps 711-71Iinan air- fuel ratio control 
system Precise Air Fuel Ratio Control corresponding to dispersion in the inhalation-of-air 
effectiveness for every gas column becomes possible, pressing down low the count load of the count 
means 601-601 in an air-fiiel ratio control system. 
[0084] 

[Effect of the Invention] It becomes possible to control the air- fuel ratio in a gas column by 
measuring the inhalation air content to a gas column, and controlling fuel oil consumption, 
presuming different inhalation-of-air effectiveness for every engine or gas column, to a precision. By 
this, it can contribute to an improvement of an internal combustion engine's fuel consumption and 
reduction of the harmful matter in exhaust gas. 

[Translation done.] 
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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing an example of the configuration of the operation gestalt of this 
invention. 

[Drawing 2] Drawing showing an example of the operations sequence of the operation gestalt of this 
invention. 

[Drawing 3] Drawing showing the relation of increase and decrease of the air content in the 
operation gestalt of this invention. 

[Drawing 4] Drawing showing an example of the presumed procedure of the inhalation-of-air 
effectiveness of the operation gestalt of this invention. 

[Drawing 5] Drawing showing an example of the sensor configuration for the densitometry of the 
operation gestalt of this invention. 

[Drawing 6] Drawing showing an example of the sensor configuration for measurement of the 
throttle passage air content of the operation gestalt of this invention. 

[Drawing 7] Drawing showing an example of the computational procedure of the throttle passage air 
content of the operation gestalt of this invention. 

[Drawing 8] Drawing showing other examples of the sensor placement for measurement of the 
throttle passage air content of the operation gestalt of this invention. 

[Drawing 9] Drawing showing an example of drawing showing dispersion in the inhalation-of-air 
effectiveness for every gas column, and change of the inhalation-of-air effectiveness by operational 
status. 

[Drawing 10] Drawing showing an example of an operation gestalt using the common inhalation-of- 
air effectiveness map of this invention. 

[Drawing 11] Drawing showing an example of the operations sequence of an operation gestalt using 
the common inhalation-of-air effectiveness map of this invention. 

[Drawing 12] Drawing showing an example of the operation gestalt which prepares the inhalation- 
of-air effectiveness map according to gas column of this invention in advance. 
[Drawing 13] Drawing showing an example of the operations sequence of the operation gestalt 
which prepares the inhalation-of-air effectiveness map according to gas column of this invention in 
advance. 

[Drawing 14] Drawing showing an example of the means for preparing the inhalation-of-air 
effectiveness map according to gas column of this invention in advance. 

[Drawing 15] Drawing showing an example of the procedure which prepares the inhalation-of-air 
effectiveness map according to gas column of this invention in advance. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DRAWINGS 
[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 
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"bog SrJBffl-r*anstcHi-i, 
[0 0 0 2] 

' M L T i Si Sr 1 U ffo i 0 U«#«#fi Sr«U«li- & 
£*liT% l*J««H(OHHFUiRA&*l.A 

fi> #S¥7 - 42600-f-(Cft*?n^>-7-7 KUflX 
#ltfcE^I-tr>-»i-rfflv^< ) <7) > #^^9-166464 -f-tl 

*flJV»&fcO, #S¥7- 133738 ■S-l-ft3E*il.4SWC* 

[0 0 0 3] — tele, fttSUJCULf tl*£&gMc<±, 
L, 

Mc = Pm*N* 7 *Vc/R*Tm 
TifiGlT i£<4jje>iiTv»*o fcfc'L, fXM 

WlSVc, Stffcje&R, 7i7t-^KfiO^S 
STmfiio 7li«t*lftb$ Cfcl«t-.fcoTli, 

ihitiZ>frt^ofcX~$>Z><, -7— 7 KOBE 

*J P m ^ 5 > * OU^iScN |C J: o T^TgEffc-t * O 
T\ Pm^NOV77'tLTS?ilXio 
[0 0 0 4] !|#|i3¥7-42600-§--C-!±fiJf!f * ^- Kf> > 

>v*><0@^aiStT^7 + -;U KOBEftfctHBJL, 

4*$ l r x h ix& wawtm* Jtt?ira s it « * > ->* > ehei 



(3) #S2 0 0 1 -2 3 4 7 9 S 

•J) <t t LTv>&o 

[0 0 0 5] #H*P9- 166464 *-Cttlfc»£a*tifi»tt 

fcii 4 fc*, "Mia**)-* -y e> 
10 [0 0 0 6] ^^^7-133738 -Sf-T-li, £§vl:£tl-4 O 

UfiJSfc&III-iTOiSih.fc^T'MfcL, ^tflS^OS** 

**TI±, Sfc&O 2 Oc7)^0l|T-li#l£ £ tlT .1 & 

[0 0 0 7] i£, lRA^*Uou»r, #^¥9-228 
20 84-^-, 9-126006-t, 1 1 - 6460-55" rt { W&1-<i> t Z *>X'i> 

Z) o 

[0 0 0 8] 

S*C*tt, Att*»itt 5 %-&> 1 0 %gJSlf«bo < t v» 

[0 0 0 9] v^7*-^ K*»^^ro^tt^^*»« 
lfLTU0> -7-7 KOEE** f -^^f>^:T<0^, 

[0 0 10] lR^-7^7*-^ Kua*Ljitr^Sl±iE 

40 ii, ^T<0^®(C|r!Ii:«!|-g-C^* J S-lESfL-&t<Ot L 

< *o 

[0 0 11] «*LT»miie*eT^«llUitLJtS 
&*>T#mo#J££t£SD£-e**?£Tii, AttWn 2 HI 

[0012] ^n^T-ii, ««i-4Bm(r»c#aitt»wiftx 

50 gtcitteLT^^PSfrfL, *t«4fOS«JtOlXe>oS 
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[0 0 13] 

fc«»**irt-4 -r > 9 * * 9 > 9 a u$ 

-tf * *jMT« ir * * * ««l U *«» u «l i ft*: 

tut 7-n y 7 ^ o * <b vtafrfi u *> * *« u*tiu--r 4 

[0 0 1 4 J *«Wti*flfttU«i*J:l««f4«11t*l«. 
[0 0 15] #S&91<i, #jfCtt*1ti, #«t«UiR7,S 

it 4 sin w ft t » «[ i : p» m $ a 4 ««■ n Jt * m » + * 1*3 

^-7-7 *-;t Krt«J^«<0*K4rtt-aHi-48tX36»ap 
Strain t . l*3*«HO * 9 > 7 A £tHM1-4 7 7 > * 

L> Stff5« x <b it fcttf^u ^ 5 A o * <b (R^ff 
g U * 4 ^.fg lC*tJ!&-t- 4 Itff 7*0 7 A £ Of U X 

<£ If 9 7 > 7 n K&r=?v>T&©fc<OiR5M#14 

ffiO ^ > v i * 9 j*» 4- fg#-r 4 «$l-i*4tf* 

■t4o 

[0 0 16] iW£ift$t#14t±, 

ai*bsp-c*>*. 

[0 0 17] #5ft«Sr«i.fcI*J«*l«Oft« 
SMth£ftiDU 7i7*-*KflOS<$OMPmJ3 

TttSJe>itfcflWW>$«) Sr#lt4-i:-eT-7*-;u 
KfiO^teOiginftAMmSrftgU 9?> 9M£ttffl 
LTZili®LfrLX9 7>9fti&B£itfW.L. *<OSt 

q = (Mth-^Mm) /Md 

Mc=PmX (w/4n) XVcXq=MdXq 
(C^fl/Cli^Off) «rft#LTSii>5Mf« 

OSS AfWl**5e#ifc 4 o 

[0 0 18] A*S*W«XiRSl*«*UJ:oT3l«*tf> 

^flJMi-47J?*^3Stti-4o 
[0 0 19] 

[»mo**o«jr] i^wmmmm 1 : *«»!«*; 



(4) #^2001-234798 
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[0020] rt««Hon«B*^JRa*itfcffi*«» x 

n y h JU&ji^U -7-7 + -;t K9U^iiiit* 0 x 
n-y h;K75ga§*#icJ:oTaia-f4^oft4-Mg5i- 

[0 0 2 1 ] xn y Y^iMMLtz^d. -7^7 + - 
A- K9i5EfcL, "7-7 + -^ K9 0«-ftSP«rjiaL 
;o t, 5l*ltC^ji*ii.4o "7-7 + -;u K9o55-d$a5 
i:St«5 0|B|Utii&$t#7a f *iK ^it(±^7>*ftR 
U«»LT|IMiSU »*«5**««1fg«C*« t 
£ N -r^7*-;u K9WS4t<±l(ESC«5tc5ia*it4o 

[0 0 2 2] Co WR&*it4£&<7>SMc 
£ tfiM-t 4 <e> U , x a -j \ )i Si§£Sl* ttiM f? 2 , -7 
^7*-;u K9<7)4H£-gHcii-7-7*-;t Krt^^o 
*8E*W-iHi-4*aE«-«l81, fc^'U, *7>»£-b 

[0 0 2 3] M«ftfiS»MIgil 0 0 (C«i.<bitfc 

£>45\fi5£*JgU1-*o *:f§i5 (KtiftlV) i:«ALfc$ 

F i SrtUti" 6 01-601 

mil, uiswBfoa) ii, »:®rttcffl*$n, aitt 

tm-t 4 1 o**uf xf a $ at 4 o 
[0 0 2 4] #irajs*ifctf»#«6 o i t-i±, r«c« 

5WiRJna^ 7 i ( i 14 1 - I <0fS*J&4&fie<0#-5-) 

titfcu *jfesitfc«»a^ 7 i m-mmmi \z 

30 J: 0tfrffl?itfc-7^7*-;t KO^S^m, ? ! i>9ft 
-fc>^3 <7?ai73 : t«»LT#^it^7 7 > ? lliei$Ka» 
*> f>«« 5 ^Oi!ftAS«:*M c SrWJti- 4 . 
[0 0 2 5] "7-7 + -;U K9 35»<b^1gi5 USStW. 

(±\ ^tt5Urjiitjitr^OfiMcU4, ^ffi5^)ffl^ 
Vet LT. 

[0 0 2 6] 

[Si] 

»d= /.jix (»/4 ») xvc 
40 [0 0 2 7] T*-^-x.e>it4*^ H^Uii, t^7*-;p 

•Jjfcit<7>nxj& f f§£'*4<0-C, n^co^S^fgtc 
ffiitiitrSH^ (Cit^K^* 7 iT*4) ^fflv>T, 
*(RU»tt 5 ICgEtLiitr^OgM c It, 
[0 0 2 8] 

Mc=/>mX («/4 ir) X Vc X , i = Md X 7 i 
[0 0 2 9] -CH-»$it4o !R««b*J±acttrtU(f *b 
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[0 0 3 0] Zn LTfg^(S5^WiSX^SMc^tt 

tt»F i 
[0 0 3 1 ] 
[R3] 

Fi = Mc/ A 

[0 0 3 2] J:«?ftjri-4. ?7>?£0;<>><c>RAn5 

U«rofce>W-JtSitfc**tl:F i *4 > * 4 £ *) 

[0 0 3 3] Cttttfl^JH**?? -/li LTi,t*/; 

th^ftffi £ it (^77^2 0 1) , 7;7 Kl*|03 
/»m* I W-» Six (Xf77 , 2 0 2) , 77 > 
flriWilStlS (X7-7-/2 0 3) o CC0»7>^ 

ftijciovt, $ i AnsanftAffS-e&a^t'TjJ* 

rtWJ Six* (Xf77'2 0 4) o 8 i An 5 * J iRAfr 
Sfi^i^ »igt»#S6 0 iiWiU?iv(Xr 
y 7'2 0 5), * i *UBfift*0»**5e¥e 6 1 i - 6 1 
K xn^ Aiiii^ASMth, v-7t-* Kl*9 Afa 



as « * i 1 \zm i An 5 7 i awr s ft* 

0 6) o -OH&A5»^7 i t, T-y*- 
*K9rt(OMMS/)mt> ^^ftjSKa/J^ib, ft 
2 v»T* i Afl 5 --oq&A^AfiM c S *l 

*62i~62I (Xf 7^2 0 7) . iKffi5^f 
A^AftM c rt J ft» S iifc h , wiltg «£*Sifc A £ <b 
tic, R3UJ:»J«>t«^«>*fW««F i * 
63 i-63 I (Xf77'2 0 8) . ?7>7ft« * f R 

2 0 9, 2 1 0K»iO-/i^4 litt»Sii£* 
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* [0 0 3 4 ] -KDiTC, AnSl<:ft«3M3:6 0 1- 6 

0 i £Rii, *c«ftoiaftSftsp«rW-»Lrcn(;»^v» 

TAn^ftASAftfrtmU A«^0*toH-i**H* 

[0035] [rarspwr*] ^n r t izt& 

i, t , i»A1f 8Hte«>B* .ST"?- 7 + — ;u K 9 

7 + -A- K9 7»>e>An5U»EA-f ££AfiMca { W$r4 

v^TIi, xny b A±TvfcO«ftMt-'f£ff1-£xn y h 
A^I$£ AftMth^jt o T < & „ -t C T, X a y h A £ 
jI;g-t££A*Mthi , -?—-J it - A- K 9 O^S 

fciMtaiisfsfciUBi-* 6 4 i o * i An 5 aflRjwfeo 

1 xa y h A&jij§-f -^AwLiiMth, -7 — 7 * - 
A K9l*]O^Afio*iiDfiAltatfflv»-i,i:, H3J;"9, 
* i An 5 (=aEA1-*£A*Mci(i, 

[0 0 3 6] 
lft4] 

, 0 He i = Mth — A Mm 

[0 0 3 7] 

[ft5] 

A Mm= Vc X A. ,o m 

[0 0 3 8] »CJ:oTtf-»$it4o Zti t ft2 I <0 , » 
i AttOiRASa*7 i l±> 
[0 0 3 9] 
[ft6] 

7 i = (Mth- A Mm) /Md 

[0 0 4 0] -etti-eH. CO»#ti» l&A?*^! 

[0 0 4 1 ] 
l»7] 



[0 0 4 2] t&& 0 . 

[0043] X o y b AjIiS^A*Mth<7)^ 

7 i (irt&RMOiit&lfcSk #i:?-7 + -* K9rtO 
A^S /» m t ^ 9 >^Iel$K)SS£ U lC'K^i--l>* f , t<n 40 
mtliVZ-^frZnX', R6t?*Af>ii7tiRA«b2?7 i 

£¥rtfl:1-* (6 5 i) :tt, i&Aa^ii^wfflS?r 

A^^-^'J 6 6 i UfSffii-^o 

[0044] iraa¥7 i vftn^mimA zm^xtx. 
[0045] t-r. xn-y h ^aaffiA*Mth*ti-aii- 

4 (^777401) . ^U, ^JSIt)M¥S 1 T7i7 
mtC-7^7 + -JL-K90§^ (^.n-y hA-tt!RA#7 t 50 



K91*9<OAte<0*BiD£AMm&tt-JM"* (7,-r y 
7*4 0 2) o 

[0 0 4 6] ?7>^^tf 5rlti»IL, ZiXi 

>v k 9 rt^^wfS m J: 19 ft l r-An i ^<r>mMvS. 

A»Md^ft»L (XT774 0 3) o ZiXhOtf&gi 
(X-r y 7*4 0 4 ) „ 

[0 0 4 7] l5liIteAn5A f i!5AfffIU*>o^t #oift 
ASft$7 i 6 6 ia»$>tt*fflLT&T 

(Xx y 7*4 0 5), IHIl*i6^iSiA^)^7 i t^@0 

n5A^7 i wsna^^t^ctT-, HRA^7 i £ 

¥rtft-Ti(Xx y 7'4 0 6)» 
[0048] :«±7 ICIRA^^7 i ii> tftZZt 
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[0049] [®g.<r>ttm] %.fte>%g.zftmi-i fz>6 

[0 0 5 0] 
[&8] 

f, = n /V=P/RT 
[0 0 5 1] X'$>Z>frb, ^OE*P5rfiSTT-S"Jo 

a5USEtl-t>*l 1 tiSK-t^+l 2 fcEfiLT, It* 

9 1*3 W&tt<03&& ^ m i4#tf> h ix i> „ 
[0 0 5 2] [X n y h A-jia^lvfiOthiM 1 ] Xo 7 

^4Mth(4, y h ;kJ:TSEOE7j P a, PmtiSS 
Ta, TmSVXn-n^lSalCiotftii. ^ 

[0 0 5 3] 
[8*9] 

[0 0 5 4] riiittf, *#**«>*-c«^s*it 
4) , ;:t?i3iixD^^st^; 14 tiff* 

-tr>-*:fc 4f>' 1 5(4iSl£-fc>-»J-T-**o 
[0 0 5 5] jgoT, H6 tC^-f i 7 &1f J&<D-fc 

17 irfflv^TBi^l-^ t, xny h;i/Jbg|cUE$*i/dE 
*J-t>-f 1 4t*^EP a ^rftlBlJ L- Ut»^7 0 
1) , XD7 bJUTsKt-ESit/ifftJ-tv-f 1 lfv- 
•7*-;u KJEPmtftfML (Xf7 7 , 7 0 2) , xn-y 
h ;P±SttUE$ttfcia«-t 1 5 t^ST a «rltffl 
L (XT7 7-7 0 3) , xn 7 h ^TSfcUEStifciBK 
■fc>-»M 2-e^-7*-;u KiSJtTmfcttvML (Xf 7 
•7*7 0 4 ) , xd y b ;u^)t-t >-»*- 1 3 no-; h 
Sa^tfiML (XX-7V7 0 5) , tf-*3M£6 0[*3T-ffc 

(XT77"7 0 6) t 

[0 0 5 6] [X O y h Jl>M&&%.E.V>9YW 2 ] X D y 
ov>tli, #^¥9-166464 -JM*-?*-* <b fttvi^ 



(6) ftffi 2001-234798 

/o 

S^incfflth 1 6 £ X n y h ;u WijSCEf L , OffiM 
- 9 £f|-*¥l£ 6 0 TiSii it ZtX\ X □ y h fl^iia 
ffiSl*Mth«rW-aH"f *. 

[0057] :<oii %&BtftM^& 1 1 x □ y h 
iiS^fittiSII#e2 SrKlt, ^flSfti:8t»fS6 0 1 - 
6 0 I «r»lt, ft«ftfO"R«l«Sp*tt-*LTCnu*^ 

[0 0 5 8] {&Wmmmm2 : ^«4s;i4't>o#tgjE 
14, 3»ftOff-}|Jr'- iltzty%Mmi&$<Oi& 

-So 

[0 0 5 9] n-«»0|*3««H-C*tilf, flfricii 
M^oi^lt ■eit«a^^v»fc#x.<biv-2>o *i« 

#o*ft<75M»i: Lxr^yiftz t, Wz.i£®9 

(a) fc«ttwift*»***«ift*l«i35 
•etlofc1tjE«ttii, CTx.ifH9 (b) wiic, 1. 

[0 0 6 0] 11 1 0 lc#)S$r^i- 0 Ultra U.«J?!Uzti 
n-#**ttLr*i9x KMS:*«)igS4v»o 01^ 

40 ttt-Wl&LfciRft«b*itjc¥S6 1 1-6 1 I#fl£o 

[0 0 6 1 ] §1 i SvfiS 5 <0««j»^jt5g^a 6 1 i (4, 
*oy f;uiiig^iMtht-7-7*-;i- K90^0 
*RMtht^ 9 *><bMjEff»:C i «r*^-f 

*ffiIE«&tt*¥S6 7 i t> DtEIKftffi 5 3ft«iR*«T S 

JijSrt ofcfMtSrRSLT* <ttIE^I&p<^■•; 6 9 i 
50 t>itfcMiE^S:C i tWWim-*'' 7-2 1 jJ^IS^T* 
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w&Wv i srw«-r*iia*«i5p«iE¥S6 s i t^*b 

4- -So 

[0 0 6 2] 010 OS«lkW»i8fl| W 7 *> , 
*5t*a 6 11-611 W^Ottfl-liS 1 O t <7) t £ < 

[0 0 6 3] iR«%5p7 i &TO«ttU*atM*9*» 

f>Ojt:J:4^^-4/7Ti'?^S#C i WW 7 i = 7 
OXCit LT#x.ni±% &6 t 

[0 0 6 4] 

IftlO] 

Ci= (Mth— a Mo) /Mdx 7 i 

[0 0 6 5] fc&lK ft6 0«a** «ft«fc9-?-r-/2 
1 'biS&A.-e § 7 0 T«* C t "C\ ,1 

C-RfltU J: o TSEffcl- 4 * iir , »f*i:« 

[0 0 6 6] Cft*¥f»fl:LfcJt-T*\ iR*»*-^»-/2 

[0 0 6 7] *iR*ca*it5g#a:6 1 i t-i-i't&, 
S&^ 7 iflfttflt, HI 1 OXf7-/BtfflV>TR 

Hi-*. 

[0 0 6 8] fttSDUXn y b ^jij§^iMth*tt-«|-f 

j (^f-;/noi) 0 ftttafRifrttt 

jffl$it*-s'— 7 * — * K 9 ftco^ftw&ft/o m;^<b•7— 
7+-;^ K9rto^teo«mifiAMm£t'-#1-* Ox 

7 "/ 1 1 0 2 ) o 

[0 0 6 9] z<r>m~. tUstft&fctot-r-y*- 
)V Y 9 ftO^-fccDSS ^itiiDSl T^tlS i ^<01S» 
AfiMd ttf»L(Xx-y 7*1 1 0 3), l*l«MSIMoa*E 

fctttli-rU-rvT-l 104). wftf,OW»«S*«:«>t 
CLTS1 0 US-^v»<ritjE«ftC i fctHr-f-S. (X-r 
7-/110 5). 

[0 0 7 0] tHiRfttt^nR^freui-aJtfc #<0«IE 
«»C i S:»jE#»>*U 2 i**^ttaiLr*r (X-r 
•7 7-1 10 6) , *B**!>fc1tiE«ac i fc^EIOMiE 
^IScC i O JDS¥*=J £ t * - t X\ HiEftStC i £¥r£ 
ftt4(Xf 7 7*1 107), 

[0 0 7 1 ] c omjusac i 7 o i:» 

tt*- tiR^$7 i fL« (Xr^llO 

8) o 

[0 0 7 2] COioUiR^ttJpv i l*3««Klwa 

##i-*?§iE^ac i ics-itr^x, #aa$i«b2$ 7 o 
ii*«ruvv/*fflftLT4j&» Mi^ac i ummm 



(7) #^2 0 0 1 -2 3 4 7 9 8 

12 

«ft(;*# < aft l t**!>* w t * { t- # „ 

[0 0 7 3] <%n«tfe«o^st 3 : ftttfel-JSti-i*** 

7 y -fzmtz&Mitmm) <»w«jt<o»!s i > t* 
10 ttw»*it4>#x.e>*i4. ') v h 

[0 0 7 4] CO£«JttlJ»«1t«>flMS<:Bll 2 

[0 0 7 5] H 1 U*i-^«SJt«iPl6 

fitJt^T, &%.ffilzm*.bi'lfctfrn^$SL6 0 1 -6 0 
I a****. wOltft^S6 0 1 -6 0 1 l±, thlT*- 

7 - 711-71Ii, Xoyb ;ujIiiS^:*Mth, -7- 
7*-*Krt^M'S/.m, 77>7MS»tfcti: 
«fWtt-t*-7 7 7*7 1 1-7 1 I *&«*WM***flltt* 

JtfS7 0 1>-7 0IH4:*. 

[0 0 7 6] w^lVitt»ft6 0 1 - 6 0 U^ 
ttU»xfc£«JtWtt«*0»fl^JBKov»TH 1 3 Sr 

[0 0 7 7] *xiy h^^aa-f'S^^.MMlhO 

50 thill (Xf 7 -7*1 201), Kl*l<O^Cffco 
55* /> mOft?S8 (Xf77 , 1 202) , 77>7^«0 
tfffllj UT771 2 0 3) a f ff*>*t*o CcOi'^^^A 
« m i §tfS 5 dflRStfifg-C****^-? ri^JSU 

StL (^t77'1 2 0 4) , ii^M5 d^^tfg-C*) 

«itt#¥S6o i*««fira$fL4 (xf-7 7* 

1 2 0 5) o 

[0 0 7 8] m i tt##g3{i ? D¥ai$^^ t , Xn-yh/U 

> 5 ftM^ <> t IZ, Bft&tt&ttM.^®. 7 0 i (i*S 
40 #iftttfi-7-y t/7 1 i^ttiltf, ^i^fS-^<0 
^*4«#t*F i (Xx y-ri 2 0 6) . 77/ 

(Xf7 7*1 2 0 7, 1 2 0 8) , SiOy'i7?li 
tHt*itfc*F i «>*»»«rijttti-* UT77120 
9) o 

[0 0 7 9] [^nftttfiv y 7*<0ft*] *SJ|3WMrt-7 
7 7*7 1 1-7 1 IOftl»-r*fcK)Oij«tCov>rSll 
4 -frffl^^TBi^i-^o 

[0 0 8 0] 77*711 — 711 SrftJK-f 

50 I*lBjtM<7)XD7 h^KOfUJS^gJiJPi-^ii: 
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T-XOy Ht,j§$£$tfiMth£f&l|f}p-t.?>*D y MUftW 

Z t X-t y > 9 coiSlf.iSg « *WJe+4*W%^IS11 1 

4 0 2 t, xn-y h^jijS^SItffllSI2, 7i7 + - 

&M®tt&nm&zmm%i&-?y-f7 11-7111: 

IBai-4«fl-*W»-7y^jat«Bl 4 0 3 Srfflv>*. 

[0 0 8 1] «fl-*«t*v y -fft&Vtm. 1 4 0 3 OWft 
fIi:ov>tii 4 *fflv»TSiWi-*o 

10 0 8 2] i r, amuM**-*' y -nmmm. 1403 

(i, xn-y h*Wftofiffi-*«:*n-y Yn,mtotti 4 

0 1 t-iM «1 (Xf 7 7*1 5 0 1 ) , 

«f**#f5fe^¥ftl 4 0 2 Ui£* (X-T 7 7-1 5 0 

2) o CilUJoT, rt«fc*Hwa«Ett)R*»ia:SgSiis 

th (Xt 7 7*1 503) , 7^7 + -* KfS^ratX 

f77'i 5 0 4), 9 y>?fte (xr-y-ri 5 0 5) 

*S*WW*t 7 7*flyRSS« 1 4 0 3 (±gSiitr 0 
ItT y 7"ftSHt 1 4 0 3 iif^iA,^: * 5 > * ft 0 I:* 
oVT, £*<0^®j!>*i&^t*II-&£cO;$\ flgiJSrfH 
Utvt-1 5 0 6)0 CO«|g0ft*U*^»T» "K^ff 

8u**atii5 5 7 i ^tw^afwit^ ? t- 

ftj£^Bl*n 4 0 3tfffcW Ui'^l 5 0 7) o 

5 UitALfc^ftMc <0itJ$: Uf7fl 5 0 8) , 
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